Correlation and path-coefficient analysis were carried out for twelve different quantitative traits in a population of forty six genotypes of ashwagandha(W. somnifera). The analysis revealed strong positive association of dry root yield per plant with root diameter, root length, plant height, root branches and days to maturity. The plant height and root branches per plant had positive direct effect on dry root yield per plant. Hence, plant height and root branches per plant may be good for improvingdry root yield per plantthrough selection in ashwagandha.
Introduction
Ashwagandha (Withania somnifera (L.)Dunal) is known as a winter cherry in English and Asgandh in Hindi.Ashwgandha has long been considered as an excellent rejuvenator, a general health tonic and a cure for a number of health complaints. It is a sedative, diuretic, anti-inflammatory and generally respected for increasing energy, endurance, and acts as an-adaptogen that exerts a strong immune stimulatory and ananti-stress agent. It is taken for treatment of cold and coughs, ulcers, emaciation, diabetes, conjunctivitis, epilepsy, insomnia, senile dementia, leprosy, Parkinson's disease, nervous disorders, rheumatism, arthritis, intestinal infections, bronchitis, asthma, impotence and a suppressant in HIV/AIDS patients. Thisis an ancient medicinal plant with immense therapeutic uses in traditional (Ayurveda, SidhdhaandUnani) and modern system of medicine. The roots contain withanolids and other alkaloids. For evaluating the dry root yield potential of ashwagandhaplant, it is necessary to give attention to dry root yield and its contributing charactersand it is alsoessentials to assess the degree of association of various characters in order to initiate effective selection programme. The knowledge of association of the various plant characters with dry root yield and among themselves is required for selection in breeding programme of ashwagandha.
Materials and Methods
Forty six genotypes along with two check entries viz. JA-20 and JA-134 of ashwagandha (Table 1) received from different sources were evaluated at the Botanical garden, C.P. College of Agriculture, Sardarkrushinagar, North Gujarat during Kharif2011-12. The experiment was laid out in a Randomized Block Design with three replications. Each entry was planted in single row of 1.0 meter length placed at 45cm apart. Five plants were randomly selected from each genotype and observations were recorded for dry root yield per plant, plant height, number of berries per plant, number of primary branches, number of secondary branches, root diameter, root length, root branches, days to flowering, days to maturity and seeds per berry. Total alkaloid content was determined as per methodologies suggested by Mishra (1998).Data were analysed for correlation as per method suggested byPanse and Sukhatme (1978) and for path analysis as per Dewey and Lu(1959) .
Results and Discussion
Yield is a complex character and is the multiplicative end product of other quantitative traits as components of the yield Whitehouse et al.,(1958) . Hence, the selection of superior genotypes based on root yield as such would not be much effective but several component characters have to be handled together. (Table 2 ) Thecorrelation coefficientsrevealed high degree of association among the characters at genotypic level. In a few instance, the phenotypic correlation were slightly higher than their genotypic counterparts like correlation of dry root yield with primary branches and alkaloid content. The nongenetic environmental factorsmay be responsible in inflating the value of genotypic correlation. Similar findings were also reported in some traits by Mohsina and Datta (2007) and Dubey (2010) . Dry root yield per plant was found to be highly and positively correlated with plant height, root diameter, root length, root branch and days to maturity indicating these attributes were mainly influencing the dry root yield in ashwagandha. Thus, selection practiced for improvement in component character will automatically result in Number of berries per plant had nonsignificant correlation with the dry root yield. The days to maturity had positive correlation with the yield of dry roots per plant. Selection for dry root yield should be practiced considering medicinal quality of the root irrespective of the days to maturity and number of berries per plant.
The root traits i.e. root length, root diameter and root branches were positively correlated with each other. Ultimately they were positively correlated with the yield of dry roots per plant. Similar condition was observedby Kandalkaret al., (1993) for those traits.The root length was also positively correlated with plant height, dry root yield per plant, number of berries per plant, number primary and secondary branches in ashwagandha.
Total alkaloid content hadnonsignificant correlation with dry root yield but it had positive significant correlation with root length. Thus, root length is an important trait for improving alkaloid content through phenotypic selection.
The simple correlation being calculated on an average basis, may not give a clear picture of the cause and effect system operating on the material selected for study. In addition to this, when variables increases, the situation becomes complex.In order to achieve a clear picture of interrelationship of various component characters with root yield, direct and indirect effects were calculated using path coefficient analysis at genotypic level. (Table 3) The plant height had the highest positive direct effect on dry root yield. The other traits having high positive direct effect on dry root yield were root diameter, root branches, seeds per berry,days to flowering,root length and total alkaloid content. Maximum direct effects of plant height and root diameter on dry root yield per plant wereobserved by Kandalkaret al., (1993 ) andKubsadet al., (2009 . In other reports, Dubey(2010) and Rameshkumaret al., (2011) also noticed the major contribution of root length and root diameter towards dry root yield per plant in ashwagandha.
Total alkaloid content in dry roots is an important quality parameter in ashwagandha. Similar to the results of present investigation, Das et al., (2011) reported noticeable direct effect of total alkaloids on dry root yield per plant. The major negative direct effects days to maturity on dry root yield was observed in present investigation. Instead of negative direct effect observed in present investigation, Dubey (2010) reported positive direct effect of number of primary branches and days to maturity on dry root yieldper plant.
The plant height manifested highly significant positive genotypic correlation with dry root yield per plant. (Table 3 ). This trait also exhibited strong positive direct effect and notable indirect positive effect through root diameter. Similarly, the root diameter exhibited high direct effect along with major indirect effect through plant height. Thus, plant height and root diameter appears to be the most important yield components, which can be utilized as indicator characters in selection programme for genetic improvement in dry root yield per plant.
Days to maturity had high negative direct effect on dry root yield per plant though its correlation coefficient was high and positive. Days to maturity effected positively indirectly via number of secondary branches per plant, root diameter and root branches. Therefore, direct selection of days to maturity for increasing dry root yield may not be fruitful. Instead, root diameter, root branches and number of secondary branches on stems should be used for selection.
Negative direct effect of number of berries per plant was neutralized by its indirect positive effects via plant height, days to maturity and root diameter. Even though, selection for number of berries per plant may be avoided.
Primary and secondary branches per plant had negative direct effect on dry root yield per plant but their positive indirect effect via root branches and days to maturity, respectively, was substantial. These two traits also had nonsignificant genotypic correlation with dry root yield. Therefore, these characterswere not seemed important for improving dry root yield per plant in present population.
The quality character, total alkaloid content in root had nonsignificant genotypic correlation with the yield of dry roots per plant. This trait had also smaller direct and indirect effects on dry root yield per plant. Therefore it can be concluded that increased alkaloid content in roots may not have any adverse effect on dry root yield per plant.
The path diagram revealed residual effect of -0.3470 suggesting that there were few more component traits other than those included in the present investigation which had negligible influence on the dry root yield per plant. 
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